Prioritization decisions in general aim at conducting assessment of several alternatives that are characterized by multiple conflicting attributes, which are intertwined by the competing preferences of multiple assessors. These assessments personifying various forms of ambiguity such as uncertainty, ignorance, vagueness and fuzziness have to be aggregated to generate reliable collective priorities. The objective of this paper is to introduce 4A prioritization frameworks with alternatives at the centre surrounded by the four facets: Attributes, Assessors, Ambiguity and Aggregation. Elements constituting the framework are discussed in a general context and then related to software requirements. The frameworks introduced have confronted a wide scope of further research.
INTRODUCTION
Establishing priorities is a decision making problem that happens in everyday life. When several tasks have to be done and practically it is not possible to do all of them because of the restricted resources, prioritization comes into picture. It is narrowing down the big list of actions into a smaller and implementable list, which assists in sensing what will help or hinder in accomplishing a goal. If this kind of sensing is not done, the result might be an unsuccessful conclusion. The applications of prioritization are diverse, and can be found almost in any real world situation ranging from simple day-today activities to complex marketing strategies evaluation.
Prioritization decisions involve the assessment of several alternatives, according to their outcomes. These outcomes are affected along dimensions of multiple conflicting attributes and multiple stakeholders [2] . Prioritization as a decision making problem has to deal with ambiguous nature of human judgment. This ambiguity may arise for 3 reasons: inadequate understanding, incomplete information and undifferentiated alternatives [44] as found by Raanan Lipshitz, 1997 et al through post analysis of 102 reports related to decision making under uncertainty. Individual assessments obtained thus have to be aggregated to form collective decisions.
The basic elements of prioritization: alternatives, attributes, assessors, ambiguity and aggregation mentioned in a general context are more closely connected to Requirements Prioritization (RP) of a software system, application or product. Alternatives are requirements for prioritization. RP enables to select the right set of requirements for implementation out of a larger set with the aim of maximizing customer satisfaction simultaneously fulfilling the restrictions imposed by budget, delivery deadlines, personnel availability and many other factors. The requirements for prioritization are characterized by multiple attributes of conflicting nature. Multiple stakeholders who claim to have a stake in the product act as assessors of the requirements" priorities. Assessments come with various forms of ambiguity like uncertainty, ignorance, imprecision and vagueness. Individual assessments obtained thus have to undergo aggregation to generate reliable requirements" priorities.
These elements of RP are designated as 4A (read as four A"s): Alternatives at the center surrounded by four facets Attributes, Assessors, Ambiguity and Aggregation. An RP framework as shown in Figure 1 must be flexible enough to integrate the 4A in a consistent manner.
Figure 1.5 4A Framework for Prioritization
Section 2 discusses the four prioritization elements in a general context. Section 3 discusses the prioritization elements in the context of software requirements. Section 4 introduces RP frameworks that are constituted by 5A. Section 5 concludes with an outline on future work.
4A IN A GENERAL CONTEXT
This section discusses the significance of decision alternatives and how decision alternatives for prioritization have an impact on several attributes. Further discussion is focused on participation of multiple stakeholders in the prioritization process. Ambiguity, the pivotal element of human judgment is presented with two real world examples. This section concludes with the list of aggregation methods.
Attributes: General context
Ben Franklin [3] recognized the presence of multiple attributes in every day decisions over 200 years ago. For example if you want to buy a house, cost is not the only attribute but several other attributes like locality, dimensions, current market condition, loan facility etc impact the decision to purchase. These are conflicting in nature since some are positively oriented attributes and some others are negatively oriented. For example, cost is negatively oriented whereas a dimension is positively oriented. Appropriate trade-off decisions facilitate to maximize satisfaction of the buyer by determining the best house out of a set of houses in terms of low cost and broad dimensions.
Decision problems that prioritize alternatives influenced by multiple conflicting attributes are Multi Attribute Decision Making (MADM) problems. Attributes are also called criteria, aspects, characteristics or objectives. MADM problems were popular decision methodologies in business, sciences and engineering domains. Yoon and Gyutal ,1989 defined MADM as "technical decision aids for evaluating alternatives which are characterized by multiple conflicting attributes".
Keeney and Raiffa, 1976 characterized a MADM problem in the following way:

A set of decision alternatives for evaluation.
 A set of criteria or attributes along which the alternatives are to be evaluated.
The ranking of alternatives in the order of preference.
Roy 1985, Ahire and Rana 1995, Jacquet-lagreze and Siskos, 2001 pinpointed the three elements of MADM in the same style as defined above.
Once alternatives are evaluated, it is possible to find the best alternative or a set of alternatives in the order of preference. Eom, 1989 describes how MADM models have been used in a variety of practical applications such as: employee appraisal, organization evaluation; resource allocation; engineering design evaluation; supplier evaluation; urban and community planning and credit analysis. Fred S Azar, 2000 recommended that the attributes characterizing the MADM problem should be the most relevant ones and also measurable in a meaningful way [4] . The attributes should further satisfy the constraint of mutual exclusion, i.e. the attributes should be viewed as independent entities among which appropriate trade-offs may later be made.
Assessors: General Context
MADM problems are even more complex when the alternatives characterized by multiple conflicting attributes are evaluated by multiple decision makers with competing personal preferences (Hwang and Lin, 1987; Chen and Hwang, 1992) . This sort of multiple person MADM problems are recommended in many practical situations since group decisions are less prone to error rather than individual decisions (Evans, 1984) . Seaver, 1976 concluded that group judgment is more accurate than individual judgment primarily due to decrease in error variance around the true value [41] .
It is important to note that all decision makers are not equally important. The varying influence on the decisions has to be discriminated by dividing them into groups carrying relative weights. Mendelow"s power interest grid [25] 
Ambiguity
Lacking precise knowledge about the likelihood of events.
Precise judgment using a single number proves to be difficult, sometimes unacceptable and has the probability of being incorrect [5] .Even if an expert makes an attempt to convert a subjective judgment or a probability distribution or an incomplete piece of information into a single number, it might result in information loss or distortion. Two real world examples discussed below depict the imprecise nature of human judgment.
Student Performance in Exam
Universities and educational institutions are setting away old, stagnant and faulty evaluation system of giving marks and moving towards grades. In the marking system, students are evaluated precisely on a scale from 0 to 100. It is likely that the student who scored 73 marks would feel superior to the one with a 72. But the difference between a 72 and a 73 is statistically insignificant, especially if what is being graded is subjective material, such as essays.
The research results indicate that the evaluation is indeed imprecise as the standard of examination differs from subject to subject and evaluation of answer script differs from examiner to examiner. Further, evaluation of an answer script by the examiner differs from time to time [15] . Therefore, grades were introduced acknowledging the imprecision during evaluation. University Grants Commission [16] , being the authorized agency to maintain the standard of higher education and co-ordination among the universities in India, advocates for a 7 point scale of grades as given in Table 2 . By using the broader grades, it is possible to be more realistic in marking [17] . Hence, it is reasonable to treat the grade A student superior to grade B student. 
Employee Performance Appraisal
Performance appraisal is the assessment of an employee"s job performance using one of the rating scales. The objective is to align the employee"s performance and results with the organizational goals. Traditional rating scales based on precise values were in popular practice, which were simple and easy to use. But these scales suffered from rating errors as evaluations varied too widely from rater to rater. One manager might assign a ranking of "1" to perfection, whereas another manager might rate "1" as a much lenient standard. This kind of assessment produces distorted and unreliable data. So, a better method of rating employees" performance is devised by Smith and Kendall , 1963 called Behaviorally Anchored Rating Scale (BARS) [18] as shown in Table3. BARS uses intervals to minimize evaluator"s impreciseness and maximize reliability of assessment. 
Aggregation: General Context
Simple activities can be prioritized pleasantly without the help of any methods or tools, even without being aware of the prioritization process. However, to be truly effective some prioritization approach must be employed for complex evaluations, where several people influence the decisions characterized by several criteria, articulated by imprecise judgments. Although MADM as a discipline has a shorter past record history of about 40 years, more than 70 MADM techniques have been developed for facilitating the decision making process [46] . 
4A IN THE CONTEXT OF SOFTWARE REQUIREMENTS
This section discusses the basics and importance of prioritization followed by a discussion of the four elements of prioritization problem in the context of software requirements.
One of the key challenges to software engineering community is achieving quality. This challenge is hit through proper RP, which helps to focus the best efforts of developers on the features that matter most for the customer satisfaction [38] . Priorities must be assigned to the several requirements cropped up during elicitation since tight deadlines may preclude the implementation of every software requirement (Roger S Pressman, 1997). Through RP, it is possible to utilize limited resources efficiently by focusing on the requirements that are most critical to the success of the project. Further, proper prioritization and implementation of requirements is important for overall survivability and economic growth of the company. The added advantages of RP can be found in [41] . The list above clearly shows that RP is the force that drives all the subsequent activities of software development and is of paramount importance, irrespective of the type, complexity and size of the project.
Attributes: Software Requirements Context
RP problem is characterized by multiple attributes like value, cost, schedule, effort, risk etc, which are conflicting in nature. All of them cannot be achieved at the same time because of the restricting constraints on each. Hence, appropriate trade-off decisions have to be made. For example, if requirements are assessed along the dimensions of value and cost, trade-off decisions to be made in order to determine which set of requirements with high value can be provided at the low cost in order to maximize customer satisfaction [19] .
Different RP techniques in the literature are developed to work with different attributes. The attributes for prioritization using AHP [19] are along the dimensions of value and cost. Wiegers [20] proposed an approach for prioritizing requirements along the dimensions of risk, penalty and cost. Several criteria like value, cost, risk, difficulty of implementation, likelihood of success etc to be taken into account as argued in [21] . Hermann and Daneva found 240 papers based on benefit and cost estimation [42] .
In addition, different concerns of different stakeholders have to be accounted for. Generally speaking, end users concern is the value or benefit where as developers concern is the technical difficulties. Budget is the primary concern of the financial representatives [30] . The participation of an assorted group of stakeholders, comprising developers who provide cost and risk values, customers who provide benefit and penalty values and project manager who mediates conflicts and makes trade-off decisions, is recommended [20] .
Even if a single attribute is considered, different stakeholders may interpret in different ways. For example, the different interpretations of the value attribute are: increasing sales, increasing profit, finding new customers, beating competitors etc [37] .Hence, to achieve consistent results, it is very important to properly understand which set of attributes are relevant to the problem under consideration. It is equally important to realize their interpretations as viewed by different stakeholders.
Assessors: Software Requirements Context
Assessors are evaluators of the requirements" priorities. They are stakeholders carrying some expectations of the upcoming product. All the direct and indirect benefits of RP are highly geared towards stakeholder satisfaction, which is the success criterion for any project (Kotonya, 1997). The prominence of stakeholder involvement in RP is well accepted for the reason that the quality of the software product is largely determined by the proper identification of stakeholders and their needs [22] . Stakeholder identification precedes any other requirements engineering activity with the objective of determining who they are and how important they are [23] .
CMMI defines stakeholder as "a group or individual who is affected by or is in some way accountable for the outcome of an undertaking" [35] . Stanford Research Institute defines stakeholders as "those groups without whose support the organization would cease to exist". IEEE-1471 standard defines the stakeholder as "An individual, team or organization with interests, or concerns relative to a system".
They encompass business manager, project manager, marketing representatives, developers, end users, project sponsor or client or customer, architect, tester, quality engineer, product manager, operator and maintainer each with their own perspective of the product. Stakeholder categorization can be done in different ways [24] [25] [26] depending on the problem characteristics and the environmental setting. One sort of categorizing is as in [27] : Critical: if neglect might kill the project or render the system useless, Major: if neglect would have a significant negative impact on the system and Minor: if neglect would have marginal impact on the system. Another way is to categorize into key users, secondary users, and unimportant users [6] . Participation of at least three groups of stakeholders: customers, developers and financial representatives is emphasized [29] . If felt appropriate, even more people that claim to have a stake in the product can be involved [30] .
Once relevant stakeholders are identified, they have to be differentiated in order to determine the varying influence they exert on the project, by assigning weights [23] . The weighted impact helps to achieve trade off among the competing personal preferences. This differentiation further helps to discriminate the drivers for the prioritization process [33] . One of the guidelines to be kept in mind when assigning weights is that people who actually use the product should have greater impact [43] .
On the other side, if only a single stakeholder is involved in RP rather than a group, it may not be possible to satisfy the diverse group of stakeholders associated with the project Chaos Report 2009 disclosed ten main factors for project failures with one amongst them is lack of user involvement. Another worry with individual estimates is that they are more prone to extreme outliers when compared with team estimates. [45] . Hence, participation of a proper mix of stakeholders as assessors of the requirements" priorities is appreciated.
Ambiguity: Software Requirements Context
RP is a challenge for software organizations because, it demands a significant amount of decision making [36] where uncertainty plays a central role. Ambiguity shrouded in the forms of uncertainty, incompleteness and vagueness do exist. Assessors have to cope up with different conceptualizations of uncertainty described in Table 1 . Ambiguity during RP may arise for several reasons [40, 41] :
 Description of the requirements in natural language.

Guesses to be made about upcoming product where only partial knowledge is available.
Decision makers who judge the priorities of requirements are human beings and human judgments may not be absolutely sure.
The requirements are vaguer earlier in the project and become clearer as understanding of the product grows.
Assessors may be in a position to provide only partial information or no information at all.
Assessments about the priorities of the requirements are based on perception of the system, which cannot be precise always.
The inability of assessors to provide precise judgments or the failure of some assessors to provide judgments in a group decision situation.
If uncertainty is ignored, success of the product may be affected [39] . Hence, RP problem that does not take various ambiguities into account is of minimal use. Ambiguity brought on by lack of knowledge has to be modeled in some form during RP. The dire need for the acknowledgment of uncertainty in RP is complemented by the observations made by several researchers as noted below:
 Grant Ruhe, 2000 says estimating is about predicting in the face of uncertainty and incomplete knowledge. If uncertainty is not taken into account, precise answers exhibit the high probability of being incorrect. The major contribution factor to the well reported high percentage of failed software projects is the built in human trait to prefer precision over accuracy [7] .
 Moisiads, 2002 introduces a RP tool, which captures stakeholders" opinions using graphical fuzzy rating scale. The argument is that people tend toward ranges that are flexible to express uncertainty rather than single points [11] .
present the limitations of recent approaches to RP as their inability to address uncertainty and incompleteness. Rating scales used for requirements evaluation based on discrete categories is another limitation [8] .
 Ruhe et al, 2005 mention the current challenges of requirements prioritization as incompleteness and uncertainty of information, conflicting requirements, not enough stakeholder involvement, geographically distributed stakeholders, resource bottlenecks etc. Essay on estimation perspectives records software schedule and cost estimation models as optimistic, most likely and pessimistic estimation ranges rather than point estimates because upfront estimates cannot be precise always [6] .
 Ruhe et al, 2005 portray RP activity both as an art and a science. As art, it depends on human intuition. As science, it depends on computational algorithms to produce best solutions. A release planning framework for RP which combines the human experience and knowledge with the strength of computational algorithm is launched. Ruhe concluded that hybrid approaches that integrate in this manner have proven most promising [9] .  Rudolf Vetschera, 2006 characterized software development projects as decision problems under risk. Hence, it is recommended to evaluate the decision alternatives that occur in the software process in terms of likelihood [2] . Regnell et al, 2007 argue that human judgment is imprecise by nature irrespective of absolute or relative judgment in view of the fact that some requirements can be estimated precisely, some others with reasonable precision and some others cannot be estimated at all [14] .
 Jane Cleland-Huang, 2008 has written that decision support mechanism for RP has to be more sophisticated in order to accommodate the partially ignorant or fully ignorant information provided by some stakeholders [10] .
 Hermann A Daneva, 2008 have put forth the idea of comparing two RP techniques empirically once with an approximation and once without. The intention is to find whether people like approximations or the opposite [13] .
 Annabella Loconsole et al, 2011 introduced a novel distributed and automated RP technique and the paper concluded with one of the future challenges as acknowledgment of uncertainty during RP [12] .
Hence, as stated above many a requirements prioritization techniques and related concepts in the literature address the compelling need for acknowledging ambiguity, uncertainty, incompleteness and imprecision of the priorities of requirements, but few of them provide a workable solution. The necessity for modeling uncertainty in RP is established.
Aggregation: Software Requirements Context
It is quiet easy task to determine the priorities of requirements if a single stakeholder provides precise priorities over a set of requirements along the dimension of a single attribute. However, it is more challenging to aggregate the imprecise judgments of diverse group of stakeholders over a set of requirements characterized by multiple attributes, and generate reliable requirements" priorities. Applicability of the aggregation methods discussed in section 2.4 has to be studied and adopted after adaptation, taking into account the relative strengths and weaknesses.
REQUIREMENTS PRIORITIZATION FRAMEWORKS USING 4A
The 4A have substantial influence on the RP activity as shown in Figure 1 . This section specifies how different RP frameworks can be designed by integrating the four elements of prioritization: Attributes (A t ), Assessors (A s ), Ambiguity (A m ), Aggregation (A g ). The four frameworks are presented below: The basic frameworks listed above can be adapted based on characteristics of the RP problem under consideration.
CONCLUSION AND FUTURE PLAN
RP as a decision problem is found to be tied with four primary elements: attributes, assessors, ambiguity and aggregation. If any one of them is neglected or considered insufficiently, it may result in poor customer satisfaction. Four RP frameworks are launched, all having the 4A in common, but differing in the way they occur. Meaningful frameworks can be developed by observing different characteristics of the problem and the environment. The topics of interest with respect to attributes are: single versus multiple, flat versus hierarchical structure, dependent versus independent attributes and relative versus absolute weightings. Efficient combination of attributes appropriate to the problem at hand can also be explored. The topics of interest with respect to assessors are: number, type and grouping of stakeholders, geographically colocated versus distributed stakeholders, differing weights to stakeholders that aid in sensitivity analysis. The topics of interest with respect to modeling ambiguity are: representation using intervals or probability distributions or fuzzy data or a combination of them, the ease and attractiveness with which ambiguity can be modeled. The topics of interest with respect to aggregation mechanisms are: linear versus nonlinear aggregation, rich outputs for data analysis, rank reversals with addition of new requirements, scalability, find the best alternative or an optimal set of alternatives.
Studies and experiments have to be made how the requirements prioritization frameworks can be adapted to the various problems. Results and observations to be supported by the empirical results accompanied with theoretical background. Frameworks must integrate 4A in a consistent manner with the aim of generating reliable requirement"s priorities. Guidelines, constraints, tools, methods and models have to be developed indicating the potential usage of frameworks. These may help to break down the complex RP problem into small manageable tasks and integrate the results back to arrive at optimal decisions. The RP frameworks outlined can be further evolved, by investigating current approaches and their applicability in different settings with the aim of narrowing down the gap between theoretical research and industrial needs. Nevertheless, these can be improved to align with the 4A or new ones can be suggested. A wide scope of research is unwrapped for further applicability of these frameworks in other relevant areas of software engineering.
